FTIR spectroscopic kinetic analysis of alkaline phosphatase under hyperbaric manipulation.
For the first time, high-pressure infrared spectroscopy has been used in an enzyme kinetics study. This technique allows not only the investigation of kinetics under very high pressure, but it also allows simultaneous determinion of changes in the secondary structure of enzymes at the corresponding pressures. In the present study, a classical enzyme reaction, the conversion of p-nitrophenol phosphate into p-nitrophenol by alkaline phosphatase was selected to demonstrate the potential of infrared spectroscopy as an alternative physical method in the high-pressure study of enzyme kinetics. The rate constants of this enzyme reaction have been determined as a function of pressure in the pressure range 0.001-14 kbar. The first-order rate constants thus obtained increases with increasing pressure up to 8.3 kbar. At this pressure, the reaction rate decreases abruptly due to the denaturation of the enzyme arising from the conformational changes of some alpha-helical segments in the enzyme molecules into beta-sheet structure. The present results suggest that the pressure-enhanced overall hydrogen-bond strength in the amide groups of the enzyme is one of the factors which stimulate the enzyme activity. Moreover, the dissociation of the dimeric enzyme into its subunits does not inhibit the enzyme activity but only attributes to a slight change in activation volume.